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Abstrak 
Gambar rajah aktiviti dan statechart adalah gambar rajah UML yang paling kerap 
digunakan untuk menguji sistem berdasarkan spesifikasinya. Salah satu ciri penting 
gambar rajah UML adalah boleh difahami. Analisis kandungan kajian terdahulu 
menekankan kekurangan penilaian pakar mengenai kefahaman gambar rajah aktiviti 
dan statechart berkaitan dengan penjanaan kes ujian. Oleh itu, objektif utama kajian 
ini adalah bagi menilai kefahaman pakar penguji perisian ke atas  gambar rajah aktiviti 
dan statechart UML dalam penjanaan kes ujian. Pertama, analisis kandungan telah 
dilakukan untuk mengenal pasti kriteria boleh difahami. Kriteria tersebut adalah 
berdasarkan kesukaran dan keyakinan subjektif. Seterusnya, satu set soalan penilaian 
direka berdasarkan analisis kandungan yang telah dilakukan. Kemudian, kes ujian 
dijana secara manual daripada gambar rajah aktiviti dan statechart satu kajian kes 
yang telah disesuaikan. Temu bual telah dijalankan dengan lima pakar untuk 
mengesahkan soalan penilaian yang dibentuk. Pakar tersebut menilai kefahaman ke 
atas gambar rajah aktiviti dan statechart dengan menggunakan soalan-soalan penilaian 
tersebut. Hasil kajian ini memberikan butiran khusus mengenai ciri yang berbeza 
daripada gambar rajah aktiviti dan statechart. Selain itu, ia mencadangkan bahawa 
gambar rajah aktiviti adalah lebih difahami daripada gambar rajah statechart dalam 
aspek penjanaan kes ujian. Hasil kajian ini diharapkan dapat memudahkan para 
penguji perisian untuk memilih satu daripada beberapa jenis gambar rajah pengujian 
yang sedia ada. 
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Abstract 
The activity and state chart diagrams are the most frequently used UML diagrams for 
testing a system based on its specification. One of the key important qualities of the 
UML diagrams is their comprehensibility. The content analysis of previous studies 
highlighted the lack of experts’ evaluation of the comprehensibility of activity and 
state chart diagrams with regard to test case generation. Thus, the main objective of 
this study is to evaluate the comprehensibility of the UML activity and state chart 
diagrams for test case generation. First, a content analysis was performed to identify 
the comprehensibility criteria. The criteria are perceived difficulty and subjective 
confidence. Next, a set of evaluation questions was designed based on the content 
analysis. Then, test cases were generated from activity and state chart diagrams 
manually of an adapted case study. An interview was conducted with five experts to 
validate the evaluation questions. The experts evaluated the comprehensibility of the 
activity and state chart diagrams by using the evaluation questions. The result of the 
study provided specific details of the different characteristics of activity and state chart 
diagrams. Further, it suggested that the activity diagram is more comprehensible than 
the state chart diagram in the aspect of test case generation. The finding of this study 
could assist software testers in choosing the appropriate UML diagrams for software 
testing. 
 
 
 
 
 
 
 
 
 
vi 
Acknowledgement 
 
 
All praises and thanks to the Almighty, Allah (SWT) for helping me to finish this 
study. Allah gives me the opportunity, strength and the ability to complete my Master 
degree after a long, continuous work. No volume of words is enough to express my 
gratitude towards my guide, Dr. Nor Laily Binti Hashim; without her knowledge and 
assistance plus her recommendations, this study would not have been successful. She 
has helped me to explore the topic in an organised manner and provided me with all 
the ideas on how to work towards a research-oriented endeavour. 
It would not be possible for me to complete the study without the support and 
encouragement from my family and friends. First and foremost, my gratitude goes to 
my wife Maha for supporting and providing great inspiration for me to finish my 
master’s study. May Allah bless her and my two lovely kids Ahmed and Dania. 
Secondly, my father and mother and their prayers for me, my aunt Nadia Putrus, my 
father-in-law and mother-in-law who motivated me and gave me their endless support. 
Finally, to my dearest brother's soul (Ahmed). To my great friends, especially Dr. 
Nassir Farhan; thanks for standing beside me and giving me support for all the periods 
of my study. 
Special thanks to all who have helped or contributed to making this study a success. 
vii 
Table of Contents 
Permission to Use ...................................................................................................... iii 
Abstrak ........................................................................................................................ iv 
Abstract ........................................................................................................................ v 
Acknowledgement ...................................................................................................... vi 
Table of Contents ....................................................................................................... vii 
Last of Tables .............................................................................................................. xi 
List of Figures ............................................................................................................ xii 
List of Appendices ................................................................................................... xiii 
List of Abbreviations ................................................................................................ xiv 
CHAPTER ONE INTRODUCTION ....................................................................... 1 
1.1 Overview ................................................................................................................ 1 
1.2 Introduction ............................................................................................................ 1 
1.3 Statement of Problem ............................................................................................. 3 
1.4 Research Questions ................................................................................................ 6 
1.5 Research Objectives ............................................................................................... 7 
1.6 Scope of Study ....................................................................................................... 7 
1.7 Significance of Study ............................................................................................. 8 
1.7.1 Body of knowledge ...................................................................................... 8 
1.7.2 The practical support ................................................................................... 9 
1.8 Organisation of the Study .................................................................................... 10 
1.9 Summary .............................................................................................................. 10 
CHAPTER TWO LITERATURE REVIEW ........................................................ 11 
viii 
2.1 Overview .............................................................................................................. 11 
2.2 Introduction to Software Testing ......................................................................... 11 
2.3 The Evaluation of Different Behavioural UML Diagrams With Regard to Test 
Case Generation ......................................................................................................... 13 
2.4 The Comprehensibility Evaluation Criterion ....................................................... 20 
2.4.1 Criteria in Evaluating Comprehensibility .................................................. 32 
2.5 Test Cases Generation from UML Diagrams ...................................................... 33 
2.5.1 Test Case Generation from UML Activity Diagram ................................. 35 
2.5.2 Test Cases Generation from State Chart Diagram ..................................... 40 
2.6 Summary of Chapter Two .................................................................................... 46 
CHAPTER THREE RESEARCH METHODOLOGY ........................................ 51 
3.1 Overview .............................................................................................................. 51 
3.2 Research Design ................................................................................................... 51 
3.2.1 Phase One .................................................................................................. 53 
3.2.1.1 Investigation of Previous Studies .................................................. 53 
3.2.2 Phase Two .................................................................................................. 56 
3.2.2.1 Instrumentation Design ................................................................. 56 
3.2.2.2 Generating Manual Test Cases from Activity and State chart 
diagrams .................................................................................................... 64 
3.2.2.3 Planning the One-to-One Interview............................................... 75 
3.2.2.4 Conducting the Interview .............................................................. 77 
3.2.2.5 Profile of Experts ........................................................................... 78 
3.2.2.6 Data Analysis ................................................................................ 79 
3.3 Summary .............................................................................................................. 81 
ix 
CHAPTER FOUR FINDINGS ............................................................................... 82 
4.1 Introduction .......................................................................................................... 82 
4.2 The Significant Findings from the Interview with the Experts ............................ 82 
4.2.1 Evaluation Data from Open-Ended Questions ........................................... 83 
4.2.1.1 Perceived Difficulty of the UML Diagrams with regard to test case 
generation .................................................................................................. 83 
4.2.1.2 Subjective Confidence of the UML Diagrams with Regard to Test 
Case Generation ........................................................................................ 90 
4.2.2 Evaluation Data from Closed-Ended Questions ........................................ 96 
4.2.2.1 Perceived Difficulty of the UML Diagrams with Regard to Test Case 
Generation ................................................................................................. 97 
4.2.2.2 Subjective Confidence of the UML Diagrams with regard to test 
case generation ........................................................................................ 100 
4.3 Summary ............................................................................................................ 104 
CHAPTER FIVE DISCUSSION AND CONCLUSION .................................... 105 
5.1 Introduction ........................................................................................................ 105 
5.2 Research Discussion .......................................................................................... 105 
5.2.1 Achieving First Objective ........................................................................ 105 
5.2.2 Achieving Second Objective ................................................................... 108 
5.3 Contribution of Study ...................................................................................... 111 
5.3.1 Practical Contribution .............................................................................. 112 
5.3.2 Theoretical Contribution .......................................................................... 113 
5.4 Future Work ....................................................................................................... 113 
5.5 Limitation of the Study ...................................................................................... 114 
x 
5.6 Conclusion ......................................................................................................... 114 
REFERENCES ....................................................................................................... 115 
APPENDIX A .......................................................................................................... 129 
APPENDIX B .......................................................................................................... 134 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi 
Last of Tables 
Table 2.1: Summaries of Previous Studies Related to the Test Case Generation from 
Different Behavioural UML Diagrams .................................................... 18 
Table 2.2: Summaries of Previous Studies Related to the Comprehension of UML 
Diagrams .................................................................................................. 28 
Table 2.3: Summaries of Previous Studies Related to the Test Case Generation Based 
on UML Activity Diagram ....................................................................... 39 
Table 2.4: Summaries of Previous Studies Related to the Test Case Generation Based 
on UML State Chart Diagram .................................................................. 45 
Table 3.1: The Closed-Ended Questions to Evaluate the Comprehensibility of UML 
Diagrams with regard to test case generation .......................................... 62 
Table 3.2: The Open-Ended Questions to Evaluate the Comprehensibility of UML 
Diagrams with regard to test case generation .......................................... 63 
Table 3.3: NDT for Activity Graph ........................................................................... 68 
Table 3.4: Test Cases from Activity Graph ............................................................... 69 
Table 3.5: NDT for State Chart Graph ....................................................................... 73 
Table 3.6: Test Cases from State Chart Graph .......................................................... 74 
Table 4.1: Experts’ Background ................................................................................ 79 
Table 4.2: The Experts’ Responses to Evaluate the Perceived Difficulty of UML 
Activity and State Chart Diagrams with regard to test case generation 
generation ................................................................................................. 97 
Table 4.3: The Experts’ Responses to Evaluate the Subjective Confidence of UML 
Activity and State Chart Diagrams with regard to test case generation 
generation ............................................................................................... 101 
xii 
List of Figures 
Figure 2.2.1: Software Testing Life Cycle ................................................................. 13 
Figure 2.3.1: Overview of UML Diagrams................................................................ 34 
Figure 2.5.1: Activity Diagram for Gumball Machine .............................................. 36 
Figure 2.5.2: State Chart Diagram for Gumball Machine.......................................... 41 
Figure 3.1: The Steps of the Research Methodology ................................................. 53 
Figure 3.2: Gumball Machine Described as UML Activity Diagram ....................... 65 
Figure 3.3: Activity Graph Obtained from the Activity Diagram of Gumball Machine 
Machine .................................................................................................... 67 
Figure 3.4: Gumball Machine Described as UML State Chart Diagram ................... 70 
Figure 3.5: State Chart Graph Obtained from State Chart Diagram of Gumball 
Machine .................................................................................................... 72 
Figure 3.6: NVivo Steps ............................................................................................ 81 
Figure 4.1: NVivo Result of the Perceived Difficulty for Determining the Steps of 
of Test Case Generation from Activity and State Chart UML Diagram. 86 
Figure 4.2: NVivo Result of the Perceived Difficulty for Determining the Origin 
Diagrams for the Generated Test Cases from Activity and State Chart 
Chart Diagrams. ...................................................................................... 89 
Figure 4.3: NVivo Result of the Experts’ Certainty of the Generated Test Cases 
from Activity and State Chart Diagrams. ................................................. 92 
Figure 5.4 NVivo Result of Experts’ Evaluation for the Comprehensibility of of 
Activity and State Chart Diagrams in Generating the Test Cases ............ 94 
 
 
xiii 
List of Appendices 
Appendix A: Questionnaire………………………………………………………129 
Appendix B: Summaries Of the Interview Sessions with Experts……....……134 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiv 
List of Abbreviations 
 
MBT      Model Base Testing 
UML     Unified Modelling Language 
DFS     Depth First Search 
LR      Literature Review 
GA     Genting Algorithm 
OOAD     Object-Oriented Analysis and Design 
AOAD     Aspect-Oriented Analysis and Design 
IFD     Interaction Flow Diagram 
ADT     Activity Dependency Table 
AFG     Activity Flow Graph 
TFG     Testing Flow Graph  
ECFG     Extended Control Flow Graph 
EFSM     Extended Finite State Machine 
TeGeMiOOSc    Test Generation and Minimization for OO software with State Charts 
NDT     Node Description Table
 1 
 
CHAPTER ONE 
INTRODUCTION 
1.1 Overview 
This chapter provides an introduction to the study which begins with the background 
of the study, followed by the discussion of the problem. Subsequently, research 
questions are provided and used to construct the objectives. Finally, this chapter 
presents the scope as well as the significance of the research. This chapter is concluded 
with the summary of the main issue of this study. 
1.2 Introduction 
The software systems that exist throughout the world and their designs are rapidly 
developing and becoming more complex, a trend which very likely will continue in the 
near future (Meena, 2013). This development of complex software systems is a fault-
prone process and these incur a great loss of time and money if neglected (Mailewa, 
Herath, & Herath, 2015). In this regard, Manaseer, Manaseer, Alshraideh, Abuhashish 
and  Adwan (2015) and  Jain, Jain and Dhankar (2014) remarked that software testing 
is the most widely used approach to ensure software quality that assists software faults 
detection. 
On the same note, Bansal (2014) and Vashishtha, Singla and Singh (2014) stated that 
software testing typically consumes about 50% of the development effort, cost, and 
time to achieve a higher level of quality. Consequently, to reduce test challenges,  
The contents of 
the thesis is for 
internal user 
only 
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